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ABSTRACT 

A  basic  description  of  severity  and  frequency  is 
needed  for  planning  healthcare  delivery  for  any 
disease  process.  In  the  case  of  traumatic  brain 
injury,  severity  is  typically  categorized  into  mild, 
moderate,  and  severe  with  information  from  a 
combination  of  clinical  observation  and  self-report 
methodologies.  Recent  US  civilian  epidemiological 
findings  measuring  the  frequency  of  mortality  and 
morbidity  of  traumatic  brain  injury  are  presented, 
including  demographic  and  etiological  breakdowns 
of  the  data.  Falls,  motor  vehicle  accidents,  and 
being  staick  by  objects  are  the  major  etiologies 
of  traumatic  brain  injury.  US  civilian  and  Army 
hospitalization  trends  are  discussed  and  compared. 
Features  of  traumatic  brain  injuries  from  Operation 
Iraqi  Freedom  and  Operation  Enduring  Freedom 
are  discussed.  Mt  Sinai  J  Med  7 6:105—110, 
2009 ■  ©  2009  Mount  Sinai  School  of  Medicine 
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A  Centers  for  Disease  Control  and  Prevention  analysis 
of  hospital,  emergency  department  (ED),  and  vital 
statistics  databases  estimated  that  about  1.4  million 
people  presented  for  medical  care  for  a  traumatic 
brain  injury  (TBI)  each  year  in  the  United  States 
from  1995  through  2001. 1  The  analysis  also  found 
that  approximately  50,000  (3-6%)  of  them  died  from 
their  injuries,  235,000  (17%)  were  hospitalized,  and 
1.1  million  (80%)  were  treated  and  released  from 
the  ED.1  A  separate  study  using  data  about  people 
hospitalized  with  TBI  estimated  that  at  the  beginning 
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of  2005,  3-17  million  people  in  the  United  States 
(1.1%  of  the  total  population)  were  living  with 
long-term  disability  that  resulted  from  TBI.2  The 
number  of  people  with  TBI  who  present  in  outpatient 
settings  other  than  EDs,  such  as  physicians’  offices, 
is  currently  unknown  as  is  the  number  of  those  with 
TBI  who  do  not  seek  medial  attention.  However, 
the  proportions  of  those  with  TBI  who  seek  medical 
attention  outside  the  ED  or  who  do  not  seek  any 
medical  attention  may  be  sizable.  A  study  of  data 
obtained  from  the  1991  National  Health  Interview 
Survey  estimated  that  25%  of  individuals  with  a  self- 
reported  TBI  that  resulted  in  loss  of  consciousness 
did  not  seek  medical  attention  and  that  14%  were 
evaluated  in  clinics  or  offices.3 

These  findings  reveal  2  important  features  of 
TBI.  One  is  that  it  is  a  common  injury.  The 
other  is  that  TBI  outcomes  vary  greatly.  They  also 
indicate  that  many  people  who  have  milder  forms 
of  TBI  are  not  identified  in  current  databases. 
Studying  the  epidemiology  of  TBI  is  challenging  for 
a  number  of  reasons,  including  limited  data  sources 
and  different  methods  for  classifying  TBI  severity. 
However,  despite  these  challenges,  enough  research 
has  been  performed  about  the  epidemiology  of  TBI 
to  identify  the  most  common  mechanisms  of  injury 
and  to  characterize  TBI  risk  in  various  segments  of 
the  population.  This  article  summarizes  findings  from 
epidemiological  studies  of  TBI  in  the  United  States 
that  provide  national-level  data  and  briefly  discusses 
some  methodological  considerations  that  can  help 
readers  of  TBI  epidemiology  papers  understand  why 
particular  methodologies  were  used.  A  brief  review  of 
recent  research  findings  about  TBI  in  the  US  military 
is  included. 


METHODS 

We  searched  PubMed  and  Medline  for  articles 
published  in  the  last  10  years  that  report  national- 
level  data  about  the  epidemiology  of  TBI  in  the 
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Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
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United  States.  Search  terms  included  “traumatic  brain 
injury”  paired  with  each  of  the  following: 

•  Epidemiology  incidence  trends  (124  citations 
found). 

•  Severity  classification  (487  citations  found). 

•  Symptom  prevalence  (78  citations  found). 

•  Military  (566  citations  found). 

The  abstracts  of  publications  that  appeared  to 
be  relevant  were  then  reviewed.  A  total  of  30 
publications  were  found  and  reviewed.  In  addition, 
several  seminal  articles  from  outside  this  timeframe 
were  included  because  they  established  current 
definitions  used  for  TBI  severity4,5  or  reported 
seminal  evidence  on  specific  topics.3 


INCIDENCE  OF 
TRAUMATIC  BRAIN  INJURY 

Overall,  falls  were  the  leading  cause  of  TBI  in  the 
United  States  each  year  from  1995  through  2001. 1 
Falls  accounted  for  an  annual  average  of  398,000 
(28%)  TBI  cases  during  that  period.  Automobile 
crashes  were  the  second  leading  cause  of  TBI, 
accounting  for  an  average  of  280,000  (20%)  cases 
per  year.1  Being  struck  by  or  against  something  was 
the  third  leading  cause,  accounting  for  19%  of  TBI 
cases  annually.1  Another  common  cause  of  TBI  is 
assault,  which  accounted  for  156,000  TBI  cases  per 
year.1  A  number  of  TBI  cases  do  not  have  a  known 
cause.  These  amounted  to  an  average  of  9%  of  all 
TBI  cases  per  year  from  1995  through  2001. 1 

The  incidence  of  TBI  among  males  is  higher 
than  it  is  among  females.  Males  account  for  60% 
of  TBI  cases  that  occur  each  year.  Young  children, 
older  adolescents,  and  the  elderly  have  the  highest 
TBI  rates.1  Fall-related  TBI  among  the  elderly  is 
particularly  problematic.  TBI  accounts  for  50.3%  of 
unintentional  fall  deaths  and  8.0%  of  nonfatal  fall- 
related  hospitalizations  among  adults  over  65  in  the 
United  States.6 


CIVILIAN  TRENDS 

The  published  literature  has  shown  that  the  incidence 
of  TBI  mortality  and  hospitalization  rates  in  the 
United  States  decreased  in  the  1980s  and  1990s.  TBI- 
related  mortality  in  the  United  States,  for  example, 
declined  22.6%  (from  24.6/100,000  to  19.3/100,000) 
from  1979  to  1992;  there  was  an  11.4%  decline 
(from  21.9/100,000  to  19.4/100,000)  from  1989  to 
1998. 7  Probable  causes  cited  in  the  literature  for 


these  decreases  include  injury  prevention  efforts, 
compulsory  safety  laws  (eg,  seatbelt,  helmet,  and 
drunk  driving  laws),  engineered  solutions  (eg,  air 
bags),  and  improved  treatment  for  alcohol  and  drug 
problems.8 

An  analysis  of  data  from  the  National  Hospital 
Discharge  Survey,  Thurman  and  Guerrero9  found 
that  the  incidence  of  hospitalization  associated  with 
civilian  TBI  decreased  51%  from  1980  to  1995 
(from  199/100,00  to  98/100,000).  However,  most 
of  this  was  due  to  a  decrease  in  the  incidence 
of  hospitalizations  for  mild  TBI.  They  found  that 
hospitalizations  for  mild  TBI  decreased  61%  (from 
130/100,000  to  51/100,000)  during  that  period, 
whereas  the  incidence  of  hospitalization  associated 
with  moderate  TBI  decreased  19%  (from  26/100,000 
to  21/100,000).  The  incidence  of  hospitalization  for 
severe  TBI  increased  90%  during  that  period  (from 
10/100,000  to  19/100,000). 

Possible  reasons  for  changes  in  TBI  hospitaliza¬ 
tion  rates  include  the  following: 

•  Changes  in  hospital  admission  practices  for  mild 
TBI  due  in  part  to  changes  in  health  insurance 
coverage.9 

•  Increased  survivability  after  severe  TBI:  With 
improved  availability  and  quality  of  TBI  treatment, 
an  increasing  proportion  of  potentially  fatal  TBI 
incidents  are  survivable.  This  is  a  reasonable 
explanation  for  the  downward  trend  of  TBI 
mortality  rates  with  a  concurrent  increase  in  severe 
TBI  hospitalization  rates. 

•  Improved  safety  and  prevention  programs:  Part  of 
the  decrease  in  both  mortality  and  morbidity  in  the 
1980s  and  1990s  may  be  due  to  injury  prevention 
measures,  especially  those  associated  with  motor 
vehicles9  and  motorcycle  helmet  laws. 

However,  more  recent  research  suggests  that  the 
incidence  of  death  due  to  TBI  is  no  longer  decreasing 
at  those  rates.  Rutland-Brown  and  colleagues10  found 
that  the  TBI  mortality  rate  was  18.1/100,000  in  1998 
and  17.9/100,000  in  2003-  Data  from  the  latest  report 
from  the  Center  for  Disease  Control  also  indicate  that 
the  rate  of  decrease  in  TBI  hospitalizations  has  also 
leveled  off.10 


MILITARY  TRENDS 

The  incidence  of  TBI-related  hospitalization  rates 
in  the  active-duty  US  Army  decreased  during  the 
1990s.  The  overall  incidence  decreased  75%  (from 
247.7/100,000  to  62.3/100,000)  from  1990  to  1999.11 
The  hospitalization  rate  for  mild  TBI  in  the  Army 


DOI :  1 0 . 1 002/MSJ 


Mount  Sinai  Journal  of  Medicine 


107 


tti 

'K 

o 


a 


o 

8> 

d 


-8 

H 


G 

o 

Cd 

73 

d 

PZ 


d 

P Q 


0) 

H 


o 


<5 

z 


*d 

G 

75 


>s 

d 

X) 

o 


«! 

z, 


75 

£  I 

75  £ 

G  o 
d  Oh 

a  ^ 


£ 

.c 

.  3 

^  Oh 

d!  75  m 

ESg 

o^l 

G  U  75 

o 


73  -77 

^  G 

73  G 


'O  *§ 

d  T3 


-d 

d 

73 

g  • 
0 
u 


5 
^  5 

g  g 
o  CX 

K  o 

JD  ^ 
Ph 


0) 

^  2 
n  3  75 

2  s  c 

\G  d 

D  73  7 

_ ,  fn 


o  •. 


^  —h  <u  75  a  -h 

»o^  Q.1.S5 

3  s-|  a  §  s  -s 

(ii  a  o  o 


G  75  '115  ^h 

u  u  S  o 

Q,  Vh  U-  y 


o 


s  & 

X 

W 


C 

d 

Oh 

O 

o 

a 


0) 


373 

d 

■y  >> 

*<  w 


O  75  o 

g 'd  g 

75  5  75 
d  ^  d 

-*  S  •* 


s  O 

u  o 

!>  s 


< 

2 


< 

2 


< 

2 


1  o 


1Z  O  B 


GO  G 
G  d 
.ra  d 

c  c 

<L)  75 

a  ■  ‘ 

o 


73  75 

•a  g 
a  o 
o 


c  a  S 

8  «  3 


U 


d  X 

K*^ 

w 


u 


d) 

d 

0 

0 

u 

‘o 

-2 

G 

G 

> 

Oh 

0 

0 

dT 

0 

G 

0 

0 

u 

’>< 

d) 

s 

DO 

3 

'x 

d 

75 

d) 

d) 

d) 

73 

G 

0 

Oh 

a 

73 

.3 

75 

— 

DU 

g 

75 

uG 

_G 

’g 

d 

a 

x: 

V 

G 

d 

.75 

G3 

'o 

73 

G 

DO 

.G 

’2 

DG 

"3 

g 

75 

Oh 

75 

S_I 

Vh 

u 

.G 

0 

y 

"3 

0 

75 

G 

G 

75 

0 

0 

75 

d) 

y 

G 

u 

0 

0 

d) 

a 

d) 

Uh 

d) 

t! 

£ 

G 

X5 

a 

Oh 

75 

0 

u 

G 

3 

G 

X 

0 

P 

< 

w 

G 

d  73 
.£  T3 


DO 

.G 

G 

d 

a 

o 

75  73 


'S  T3 

Xh  d> 


d  a  u 


i>^ 

w 


DO _ _ 1 

G  73 

_  ’2  ’G 

>■,  d  d 
d  CX  > 
n  O 


d 


O 

Z 


ft 

_ _ , 

•d 

73 

75 

a 

d 

d 

0 

w 

> 

o 

o 

g 

o 

£ 


G 

3 

a 

3 

o 


G 

3 

a 


.g 

"2 

Oh 

°  3  2~N 
^  X)  d 

c  w  " 

O  S3 

U 


G 
O 

c  c  &■ 

OJ  TD  OJ 
K  ^  1- 

w 


G 

o 

Cd 


(U 


U 

TD 

G 

73 

tJ 

d 

G 

G 

CD 

'O 

G 


75 

d 

H 

3 

o 

<£ 

-o 

d 

Oh 

75 

”d 

73 


-O 

73 


XJ 

75 

_U 

'a 

a 

75 

o 

G 

<f 

Z 


-G  C« 
H  •£ 

W  g 
H  S 

o  s 


DOI:  10. 1002/MSJ 


108 


C.  R.  Summers  et  al.:  Traumatic  Brain  Injury  in  the  United  States 


decreased  78.6%  (from  159/100,000  to  34.0/100,000), 
whereas  the  rate  for  moderate  TBI  decreased  57.1% 
(from  14.3/100,000  to  6.1/100,000),  and  the  rate  for 
severe  TBI  decreased  53.7%  (from  22.8/100,000  to 
10.6/100,000).  A  likely  reason  for  the  decrease  in  the 
Army’s  TBI-related  hospitalization  rates  is  a  change 
in  admission  practices  for  mild  TBI  similar  to  those 
that  occurred  in  civilian  hospitals.  Another  possible 
reason  is  an  increased  emphasis  on  injury  prevention 
during  the  1990s.12  Studies  from  the  1990s  indicated 
that  accident-related  injuries  in  the  Army  decreased 
to  record  lows.13 

A  new  TBI-related  concern  for  both  the  military 
and  civilian  medical  establishment  is  the  influx  of 
TBI  cases  due  to  the  military  involvement  in  the 
Iraq  [Operation  Iraqi  Freedom  (OIF)]  and  Afghanistan 
[Operation  Enduring  Freedom  (OEF)]  theaters  of 
operation.  These  cases,  including  members  of  the 
National  Guard  and  Reserve,  are  handled  initially 
through  the  Department  of  Defense  and  Department 
of  Veterans  Affairs;  however,  some  war-related  TBI 
patients  are  likely  to  be  seen  by  civilian  providers. 
Civilian  providers  in  some  localities  might  see 
nontrivial  increases  in  TBI  cases  from  Reserve  and 
National  Guard  combat  units  returning  from  OEF/OIF 
as  well  as  OEF/OIF  combat  veterans  who  have  been 
released  from  active  duty  and  choose  to  be  treated 
by  private  healthcare  providers. 

As  a  group,  OEF/OIF  TBI  patients  are  likely 
to  present  with  2  common  characteristics.  The  first 
characteristic  is  that  the  etiology  of  their  injuries  is 
likely  to  involve  a  blast  (explosion).  Gondusky  and 
Reiter14  reported  that  in  their  sample  of  a  returning 
combat  battalion,  97%  of  the  188  injuries  sustained 
by  120  Marines  were  from  improvised  explosive 
devices  (65%)  or  mines  (32%).  Using  a  survey  of  2525 
soldiers  3  to  4  months  after  deployment,  Hoge  et  al.ly 
reported  that  79%  of  injuries  reported  in  their  survey 
of  returned  OEF/OIF  veterans  were  from  blasts. 
Although  there  is  evidence  that  a  large  percentage 
of  service  members  who  have  experienced  combat- 
related  TBI  have  done  so  because  of  blast  wounds 
(frequently  in  combination  with  other  causes  of  injury 
such  as  vehicle  crashes  or  falls),  it  is  not  known  if  the 
TBI  blast  sequelae  are  materially  different  from  TBI 
resulting  only  from  noncombat  causes  such  as  falls 
and  vehicle  crashes.  In  many  cases,  multiple  injury 
mechanisms  are  involved,  and  it  is  not  possible  to 
determine  the  exact  cause  of  the  TBI. 

The  second  characteristic  is  that  service  members 
who  are  injured  in  combat  with  a  TBI  also  have 
a  high  occurrence  of  posttraumatic  stress  disorder 
(PTSD)  and  depression.  Hoge  and  colleagues,15 
using  a  sample  of  US  Army  soldiers  who  served  in 
Iraq,  found  that  43.9%  of  service  members  that  had 


experienced  loss  of  consciousness  (LOC)  screened 
positive  for  PTSD  and  24.8%  screened  positive  for 
depression.  Civilians  with  TBI  have  similar  psychiatric 
comorbidities.  Silver  and  colleagues16  found  that 
11.1%  of  adults  who  screened  positive  for  self- 
reported  TBI  also  had  a  history  of  depression,  but  the 
prevalence  among  OIF/OEF  veterans  may  be  higher. 


METHODOLOGICAL 
CONSIDERATIONS  THAT  INFLUENCE 
RESULTS  OF  TRAUMATIC  BRAIN 
INJURY  EPIDEMIOLOGY  STUDIES 

A  variety  of  methods  have  been  used  to  perform  TBI 
epidemiology  studies.  Perhaps  the  most  important 
methodological  consideration  faced  in  any  type  of 
TBI  research  is  how  to  classify  severity.  Although 
TBIs  are  generally  classified  as  being  mild,  moderate, 
or  severe,  different  methods  can  be  used  to  determine 
severity.  The  severity  classification  method  that  is 
used  depends  largely  on  the  source  of  the  data  for 
the  study.  This  section  of  the  article  provides  a  brief 
overview  of  different  ways  in  which  TBI  severity  can 
be  classified  and  when  they  are  likely  to  be  used. 

One  commonly  used  method  is  to  base  severity 
on  the  Glasgow  Coma  Scale  (GCS)  score  (Table  l).4,25 
The  GCS  score  is  a  measure  of  an  individual’s  level  of 
consciousness.  It  assesses  3  domains:  eye  opening, 
motor  response,  and  verbal  response.  Patients  can 
receive  a  score  of  1  to  4  for  eye  opening,  1  to  6 
for  motor  response,  and  1  to  5  for  verbal  response. 
The  scores  from  each  domain  are  summed  to  obtain 
the  GCS  score,  which  ranges  from  3  to  15.  TBI 
patients  with  a  GCS  score  of  3  to  8  are  considered 
to  have  severe  TBI,  those  with  a  score  of  9  to  12  are 
considered  to  have  moderate  TBI,  and  those  with  a 
score  of  13  to  15  are  considered  to  have  mild  TBI. 

Another  method  is  to  base  severity  on  the  dura¬ 
tion  of  LOC  and/or  posttraumatic  amnesia  (PTA). 
TBIs  that  result  in  LOC  lasting  30  minutes  or  less 
and/or  PTA  lasting  less  than  24  hours  are  defined 
as  mild  by  the  American  Congress  of  Rehabilitation, 
the  Centers  for  Disease  Control  and  Prevention,  and 
the  World  Health  Organization. 5,17,18  TBIs  that  result 
in  LOC  or  PTA  of  longer  duration  are  considered 
moderate  or  severe. 

TBI  severity  can  also  be  determined  with 
Abbreviated  Injury  Scale  (AIS)  scores.19  The  AIS 
classifies  injury  severity  into  1  of  6  categories:  1,  mild; 
2,  moderate;  3,  serious;  4,  severe;  5,  critical;  and  6, 
maximal  (injuries  that  cannot  be  treated).  Researchers 
who  have  used  AIS  scores  to  determine  TBI  severity 
have  collapsed  these  into  the  mild,  moderate,  and 
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Table  2.  Key  Concepts. 


Approximately  1.4  million  Americans  are  treated  for  traumatic  brain  injury  annually. 

Traumatic  brain  injury  is  typically  categorized  as  mild,  moderate,  or  severe  with  clinical  observation  (which  may  include 
imaging)  and  self-report  methodologies. 

Traumatic  brain  injury  is  a  common  injury  that  occurs  most  frequently  in  young  males.  Its  most  common  etiologies  are 
falls,  motor  vehicle  accidents,  and  being  struck  by  or  against  an  object. 

The  rate  of  traumatic  brain  injury  mortality  and  hospitalizations  generally  fell  in  the  1980s  and  1990s  but  has  leveled  off 
since.  Most  of  the  drop  in  hospitalizations  is  in  the  mild  traumatic  brain  injury  range  and  is  believed  to  be  due,  at  least 
in  part,  to  changes  in  hospital  admission  practices. 

A  developing  concern  for  traumatic  brain  injury  treatment  is  a  nontrivial  number  of  wounded  Iraq/Afghanistan  war 
veterans  returning  with  traumatic  brain  injury.  Members  of  this  group  are  likely  to  have  been  wounded  by  a  blast  and 
have  an  elevated  chance  of  experiencing  posttraumatic  stress  disorder  and/or  depression. 


severe  designations  that  are  generally  used  to  classify 
TBI.  When  this  is  done,  TBIs  with  AIS  scores  of  1  or 
2  are  considered  mild,  those  with  an  AIS  score  of  3 
are  considered  moderate,  and  those  with  AIS  scores 
of  4  to  6  are  considered  severe. 

The  method  used  to  determine  TBI  severity  in  a 
study  is  usually  dictated  by  the  source  of  data  being 
used.  When  a  researcher  has  access  to  full  medical 
records,  GCS  can  often  be  used  to  determine  severity. 
When  large  administrative  databases  are  used,  such 
as  the  National  Hospital  Discharge  Survey,  severity 
can  be  determined  with  AIS  scores.  When  data  are 
obtained  from  self-report  questionnaires,  severity  can 
be  determined  from  the  reported  duration  of  LOC  or 
PTA. 


LIMITATIONS 

Epidemiological  research  in  TBI  is  fraught  with 
well-documented  limitations.20-24  Definitional  incon¬ 
sistency,  limited  data,  practical  data  collection  con¬ 
straints,  limited  resources,  nontrivial  numbers  of 
injured  people  who  do  not  seek  treatment  (resulting 
in  an  undercount),  and  cases  of  TBI  being  overlooked 
or  not  properly  documented  are  the  major  limitations. 
Thus,  any  inferences  made  from  these  data  should 
be  made  with  these  considerations  in  mind. 


CONCLUSIONS 

Overall  TBI  mortality  rates  in  the  US  civilian 
population  declined  in  the  1980  and  1990s  but 
have  since  stabilized.  TBI  hospitalization  rates  in 
the  US  civilian  population  followed  the  same  basic 
trajectory  as  mortality  for  the  same  period;  however, 
analysis  by  severity  shows  that  severe  TBI  incidence 
rates  rose,  moderate  TBI  rates  were  level,  and  mild 
TBI  hospitalizations  dropped  dramatically.  These 
trends  are  consistent  with  3  possible  scenarios: 
changes  in  admission  practices  for  mild  TBI, 


improvements  in  the  delivery  and  care  of  treatment 
to  very  severe  patients  (who  previously  would  have 
died),  and  improvements  in  safety  and  prevention 
(Table  2). 

Overall  US  Army  TBI  hospitalizations  dropped 
during  the  1990s;  however,  unlike  their  civilian  coun¬ 
terparts,  a  substantial  decrease  in  TBI  hospitalization 
was  reported  for  all  severity  levels.  Ivins  et  al.n  sug¬ 
gested  that  possible  reasons  for  the  decrease  were 
changes  in  hospital  admission  policies  for  mild  TBI 
and  injury  prevention  programs.  However,  it  is  likely 
that  TBI  hospitalizations  in  the  Army  have  increased 
because  of  the  wars  in  Iraq  and  Afghanistan. 

The  influx  of  troops  with  TBI  returning  from 
the  Iraqi  and  Afghanistan  conflicts  has  created  a  new 
concern  for  the  US  medical  system.  A  large  percent¬ 
age  of  returning  service  members  with  TBI  have  been 
exposed  to  blasts,  often  in  combination  with  other 
causes  of  injury.  It  is  not  known  if  there  are  specific 
sequelae  caused  by  TBI  blast  exposure  or  if  they  are 
substantially  similar  to  TBI  sequelae  resulting  from 
noncombat  causes  such  as  falls  and  vehicle  accidents. 
Additional  considerations  for  this  population  include 
elevated  rates  of  PTSD  and  depression. 
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